Introduction
Health literacy is defined as ''the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions'' [1] . It is estimated that up to a quarter of Americans have low health literacy while another 25% have marginal health literacy [2] . Individuals with poor health literacy have difficulty understanding many commonly used medical terms and are unable to consistently follow physician instructions [3] .
Limited health literacy is seen more frequently in lower-income individuals with limited education [4] , among the elderly [5] , and racial minorities [6] .
The need for adequate health literacy among patients and their caregivers cannot be overemphasized. Limited health literacy has been associated with poorer clinical outcomes [7] [8] [9] , increased mortality [5] , and higher costs of healthcare due to inefficient use [10] . The deleterious effects of poor health literacy have already been seen in diverse disease conditions such as asthma [8] , HIV/ AIDs [11] , and diabetes mellitus [9] .
Currently no study has examined the effects of poor health literacy among epilepsy patients or in the provision of epilepsy care. It is especially important to determine the effects of poor health literacy in this population. Epilepsy is a common medical condition that affects nearly 1% of the population [12] . For most patients, proper disease management requires long term treatment with antiepileptic drugs, while others need to undergo epilepsy surgery or vagus nerve stimulation. There is a need for these patients to be able to follow written and verbal instructions. Given current therapeutic options, around 90% of patients with epilepsy can have good seizure control [13] . Adequate seizure control has been shown to improve the quality of life of epilepsy patients [14] [15] [16] and increase their productivity [17, 18] . Judging from its effects on other disease states, our review of the literature suggests that poor health literacy adversely affects both clinical outcomes and the quality of life of epilepsy patients.
Purpose: To determine the association between health literacy and outcomes of care (seizure control and quality of life) in individuals with epilepsy followed at a level four epilepsy center. Methods: We conducted a face-to-face interview of patients seen at the Comprehensive Epilepsy Program of the University of Florida HSC/Jacksonville. We obtained demographic and clinical data, administered the Quality of Life in Epilepsy-10 inventory, and performed the Liverpool Seizure Severity Scale. We asked three screening questions taken from the Short Test of Functional Literacy in Adults. Using each health literacy question as the target variable we determined the predictor variables that were associated with responses to these questions and performed multiple linear regression to determine those that retained their significance. Results: One hundred and forty adult patients with epilepsy comprised the study population. On univariate analysis, patients who did poorly on questions for health literacy that included ''difficulty reading hospital materials'' and ''difficulty filling out medical forms'' had lower scores on the QOLIE-10 and lower annual household incomes. This significance was maintained on multivariate analysis. Those who had problems learning about their medical condition due to difficulties understanding written information had poorer scores on the QOLIE-10, increased seizure frequency, and lower educational levels on univariate analysis. However, on multivariate analysis, only poorer scores on quality of life were independently significant. In this study we determine the impact of poor health literacy on patients with epilepsy. In particular we determine whether poor health literacy is associated with the major outcomes of epilepsy care such as seizure control, perceived seizure severity, and quality of life. We also determine whether health literacy is significantly associated with certain demographic factors in this population. The results of this study have significant implications that should help further improve the care of individuals with epilepsy.
Methods
The Institutional Review Board of the University of Florida HSC/ Jacksonville and Shands Hospital approved this study. The University of Florida HSC/Jacksonville-Comprehensive Epilepsy Program (UFHSJ-CEP) is a level four epilepsy center that serves as the major referral center for the Northeast Florida and Southeast Georgia region.
In this study we conducted a face-to-face interview with epilepsy patients who were seen at the UFHSCJ-CEP out-patient clinic between June 5 and August 4, 2006. All patients included in the study were adults (at least 18 years of age) who had a clinical diagnosis of epilepsy (at least two unprovoked clinical seizures). These patients were their own caregivers and completed the interview themselves. Patients whose interviews were completed by their caregivers were excluded from the study.
Based on the interview we obtained demographic and clinical information (age, gender, marital status, race, highest educational level, annual household income, and seizure frequency). We also administered the Quality of Life in Epilepsy-10 (QOLIE-10) inventory and the revised Liverpool Seizure Severity Scale (LSSS). To determine their level of current health literacy we included screening questions from the Short Test of Functional Literacy in Adults (STOHFLA).
The QOLIE-10 is a widely used measure derived from the longer QOLIE-89 [19] and covers general and epilepsy-targeted aspects of physical and mental health as well as social and role functioning. The issues covered by the QOLIE-10 fall into the areas of (a) epilepsy/medication effects, (b) mental health, and (c) role functioning and worry. Test-retest data shows significant Pearson's R correlations for individual items (range, r = 0.48-0.81). The QOLIE-10 contains 10 items scored on a Likert scale. Scores range from 10-50 with higher scores translating into poorer quality of life [20] .
The revised LSSS is a valid and reliable test for quantifying seizure severity that may also be used to detect changes in seizure severity over time. This test contains 12 items and is scored on a Likert scale. Subjects who do not have any seizure for four weeks prior to the study score a ''zero'' and those who fail to answer four or more questions have a ''missing'' score. Individual (ICTAL) scores range from 0-100 with higher scores correlating with worsening seizure severity. The items of this test show good internal consistency (alpha 0.7) [21] . In determining its association with health literacy, we included only those subjects who had at least one seizure four weeks prior to LSSS administration and determined the association between their LSSS scores and performance on health literacy items.
We included three questions to screen our subjects' health literacy (''How often do you have someone help you read hospital materials?'', ''How confident are you filling out medical forms by yourself?'', and ''How often do you have problems learning about your medical condition because of difficulty understanding written information?''). These three questions were taken from the STOHFLA [22] . In a study conducted among VA patients by Chew et al. [23] , the responses to each of these three questions were shown to correlate with overall STOHFLA scores (AUROC of 0.87, 0.80 and 0.76 for each of these questions respectively).
Combining these three questions into a single score did not improve their ability to measure health literacy. In a separate study conducted by Wallace et al. [24] among primary care patients in a university clinic, the question ''How confident are you filling out medical forms by yourself?'' correlated well with overall STOHFLA scores in detecting patients with limited health literacy (AUROC 0.82).
The study questionnaire can be found in the supplementary files.
Statistical analysis
Descriptive analysis included data summarization of demographic and clinical data, QOLIE-10 score and LSSS score.
Statistical analyses were performed using SPSS 1 software. All comparisons were made at a two-tailed 5% level of significance.
We determined the Cronbach's alpha across the three health literacy questions. We then used each health literacy question as the target variable and determined whether the different demographic and clinical data, QOLIE-10 and LSSS scores were associated with responses to these questions. For predictor variables consisting of interval-continuous data, we performed one way ANOVA and we performed chi-square analysis on categorical data.
We also performed multiple linear regression of significant variables identified by univariate analysis to determine those that retained their significance in the simultaneous context of other variables.
Post-hoc analysis was performed using Bonferroni pair-wise comparison for interval-continuous data and adjusted standardized residuals (ASR) on categorical data.
Results
One hundred and forty adult patients with epilepsy signed a consent form and were interviewed for this study. Of these, 23 (16.4%) were new patients to the UFHSCJ-CEP while the remaining ones were seen in follow-up. Table 1 summarizes the demographic and clinical characteristics of our study population. Our subjects' ages ranged from 18-76 years with a mean age of 40.9 years. Around 70% of subjects in our study were females and more than half were single. Nearly two-thirds of our subjects were AfricanAmericans and 30% were Caucasians. More than half our subjects had less than a college education and an annual household income of less than $10,000.
Around three-quarters of our study sample had poorly controlled seizures (defined as a least one seizure a year). Eighty-one patients had at least one seizure four weeks prior to testing and their LSSS scores were included in analysis. These patients had a mean LSSS score of 50.6. One hundred and thirty one subjects completed the QOLIE-10 inventory and the mean score was 24.5.
We applied tests of normality to all interval data (age, LSSS scores, and QOLIE-10 scores. No consequential departures from normality were identified.
Regarding the issue of reading hospital materials, 43% of respondents said that they never have anyone help them read hospital materials while 17% always have someone help them. Half the respondents felt extremely confident of filling out medical forms by themselves while nearly 10% did not feel confident at all. Half the respondents also never had any problems learning about their medical condition due to difficulties understanding written information while 10% always experienced such difficulties.
The Cronbach's alpha across the three health literacy items was high (0.87) indicating that these questions measure a single, unidimensional construct.
Poorer QOLIE-10 scores (p < 0.01) and lower annual household incomes (p < 0.01) were the only variables significantly associated with responses to the question, ''How often do you have someone help you read hospital materials?'' ( Table 2) . These variables retained their significance on multiple linear regression (QOLIE-10, p < 0.001; annual household income, p < 0.01).
The association between QOLIE-10 scores and this screening question was seen across the Epilepsy Effects Scale (p < 0.01) and the Role Functioning Scale (p < 0.01) but not on the Mental Health Scale (p = 0.11). Patients who ''never'' had anyone help them read hospital materials had better (lower) QOLIE-10 scores (mean 21.6, SD 7.5) compared to those who ''often'' (mean 30.7, SD 8.64, p = 0.015 with Bonferroni correction) and ''always'' (mean 28.1, SD 9.1, p = 0.16 with Bonferroni correction) had someone help them read hospital materials (Supplementary Table 1 ). Patients with lower annual household incomes (less than $10,000 year) more frequently had someone help them read hospital materials compared to those with higher incomes (ASR 4.1) (Supplementary Table 2 ).
On the question, ''How confident are you filling out medical forms by yourself?'', QOLIE-10 scores (p < 0.01), annual household income (p = 0.02), were also the only predictor variables with a significant association to this target variable (Table 3) . On multiple linear regression, both QOLIE-10 scores (p < 0.001) and annual household income (p = 0.01) retained their significance.
The association between QOLIE-10 scores and this screening question was seen across the Epilepsy Effects Scale (p < 0.001), the Mental Health Scale (p = 0.03), and the Role Functioning Scale (p < 0.01). Patients who were ''extremely'' confident of filling out medical forms by themselves had better QOLIE-10 scores (mean 22.4, SD 8.1) compared to those who only had ''little'' (mean 32.3, SD 7.3, p = 0.016 with Bonferroni correction) or ''no'' confidence (mean 30.3, SD 11.9, p = 0.018 with Bonferroni correction) in their ability to fill out medical forms by themselves (Supplementary Table 3 ). Patients with lower annual household incomes (less than $10,000 year) were also less confident filling medical forms by themselves compared to those who had higher incomes (ASR 2.4) (Supplementary Table 4 ). The third health literacy question was ''how often do you have problems learning about your medical condition because of difficulty understanding written information?''. QOLIE-10 scores (p < 0.001), educational level (p < 0.01) and seizure frequency (p = 0.02) were significantly associated with this question on univariate analysis (Table 4) . However, on multiple linear regression, only QOLIE-10 scores were independently associated (p < 0.001) while educational level and seizure frequency were not.
The association between QOLIE-10 scores and this screening question was seen across the Epilepsy Effects Scale (p < 0.001), the Mental Health Scale (p = 0.001), and the Role Functioning Scale (p < 0.001). Patients who ''never'' had problems learning about their medical condition because of difficulty understanding written information (QOLIE-10 mean score 20.9, SD 7.2) had significantly better QOLIE-10 scores compared to those who ''sometimes'' (mean 26.9, SD 8.3, p = 0.008 with Bonferroni correction), ''often'', (mean 32.9, SD 5.6, p < 0.001 with Bonferroni correction) and ''always'' (mean 33.0, SD 8.7, p < 0.001 with Bonferroni correction) encountered problems. Patients who occasionally had problems learning about their medical conditions because of difficulty understanding written information (QOLIE-10 mean score 23.4, SD 8.2) had significantly better QOLIE-10 scores than those who often (p < 0.022) and always (p = 0.004) had problems (Supplementary Table 5 ).
Discussion
This is the first study to establish a link between health literacy and quality of life among epilepsy patients. Our study indicates that poorer scores on QOLIE-10 were consistently and significantly associated with decreased performance using all three screening questions of health literacy. This association was seen across the various scales that comprise the QOLIE-10. In two questions of health literacy, (needing help reading hospital materials and filling out medical forms by themselves) poorer performance was also associated with lower annual household income.
Seizure frequency and educational level were each associated with one measure of health literacy on univariate analysis but these were not significant on multivariable analysis. Poor performance on our screening questions of health literacy was not significantly associated with other demographic and clinical outcomes.
The link between health literacy and income has already been established in other studies [4] and likely reflects the relation between increased resources and health literacy. Although the relation between poor health literacy and depression in a group of patients with addiction has also been described [25] , its relation to other measures of quality of life has not been established in other patient populations such as those with spinal cord injury [7] . In this population, health literacy was associated with improved clinical outcomes but not necessarily with improved quality of life.
The lack of a clear association between health literacy and clinical outcomes in our study (i.e. seizure frequency and seizure severity) is intriguing and seems to contradict the findings seen in other medical conditions wherein good health literacy results in improved clinical outcomes [7] [8] [9] . The reason for the lack of a significant association in this study is unclear. A possible explanation is that although the ability to understand and follow written instructions should lead to improved compliance with treatment, the severity of the epileptic condition (clinically manifesting with increased seizure frequency and severity) may be primarily due to other factors such as disease pathophysiology.
The fact that decreased health literacy scores were associated with poorer performance across the three subdivisions of the QOLIE-10 inventory (epilepsy effects, mental health, and role functioning) highlights it broad impact on the various dimensions of health that constitute quality of life. It has been shown that poor QOLIE scores are associated with mood disorders [26] and memory impairment [27, 28] and it is likely that these attributes are associated with health literacy.
Our study has several limitations. Our subjects were followed at a level four epilepsy center and likely have more severe epilepsy compared to those seen at a general neurology or primary care clinic. Nearly 75% of our patients have poorly controlled seizures (at least one seizure a year). Increased seizure severity has already been linked to poor quality of life [14] [15] [16] . Patients with relatively easy to control epilepsy may not have as much a need for health literacy skills to maintain their quality of life compared to those with difficult to control seizures. Our patient population is also representative of an inner city indigent population. More than half our subjects had an annual household income of less than $10,000 and around a quarter had less than a high school education. These variables may not be representative of other epilepsy populations thereby limiting the external validity of the study. Another study limitation is the use of screening questions to gauge health literacy rather than standard measures such as the Rapid Estimate of Adult Literacy in Medicine (REALM) [29] or the Test of Functional Health Literacy in Adults (TOFHLA) [30] . The questions used in this study correlate well with overall STOFHLA scores [23, 24] . However, studies looking at the association between these standardized tests of health literacy and the various predictor variables may be useful. Lastly, because the LSSS data analyzed were from subjects who had seizures within four weeks of their interview, the lack of association between perceived seizure severity and health literacy found in this study apply only to that patient subgroup.
Further studies should also focus on the impact of health literacy on other important components of epilepsy care such as compliance with treatment, satisfaction with care and utilization of healthcare resources, and should determine whether better health literacy positively impacts quality of life. Improving the health literacy of epilepsy patients and their families is another facet of epilepsy care that can help these patients live fuller lives. 
